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1. INTRODUCTION
The motorcycle is frequently used as the mode of 
transportation in several provinces in Indonesia including 
Bali Province. The number of registered motorcycles in 
Bali are almost 85% of the total vehicles with an average 
annual growth rate of approximately 11%. In 2007 there 
were 1,166,694 motorcycles of the total 1,377,352 regis-
tered vehicles. In the capital city of Denpasar, the number 
of registered motorcycles were 390,000 units of the total 
457,000 registered vehicles. During the daytime on the 
weekdays, the number of vehicles would double to about 
800,000 units considering commuters and student trips to 
and from Denpasar1. 
Small sized motorcycles with engine capacity rang-
es between 100-150cc are usually found on the road. 
This small size also causes the high mobility of motor-
cycles on the road. People use motorcycles for many pur-
poses including work, shopping, leisure, and education 
on either short or long distance trips. For instance, stu-
dents may ride motorcycles during weekdays for 55km 
on a round trip between the capital city of Denpasar and 
a university in Jimbaran, in Southern Bali. Such circum-
stances take place because of the poor quality of public 
transport services, while motorcycles are more handy to 
deal with trafﬁc congestion and more efﬁcient compared 
to either private cars or public transport. 
It is such a common view in Bali that three main 
modes i.e. private cars, heavy vehicles (buses and trucks) 
and motorcycles share roadways including arterial roads. 
For daily trips, commuters use the arterial roads that con-
nect the capital city and the surrounding areas. As a con-
sequence, all these roads daily high trafﬁc ﬂows on which 
approximately 70% of the road users ride a motorcycle for 
their trip. 
Conﬂicts rise amongst the three transport modes 
quite frequently. Moreover, motorcyclist’s behaviour 
such as speeding and manoeuvring in congested road de-
teriorating trafﬁc conditions. This may lead to high pro-
portion of motorcycle accidents and injuries. In fact, 
during the period 2003-2007 there were 4489 road acci-
dents and 8498 injuries in Bali in which almost 60% in-
volved fatal and serious injuries. Of these road accidents, 
on average 70% were motorcycle accidents2. A motorcy-
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clist in Bali, therefore, could be regarded as a vulnerable 
road user. 
In several studies of accident risk assessment 3-6, 
age and gender have long been considered as a high pri-
ority. One of these studies indicated that young motorists, 
deﬁned as driver or motorcyclist aged under 26 years old, 
were more at risk either in causing or being a victim in a 
road accident4. In fact, young (under 26 years old) and 
male motorists at fault annually contributed about 35% 
and 80% respectively to motorcycle accidents in Bali 
Province2.
This study aimed at examining the inﬂuence of 
young and male motorist/motorcyclist accident factors 
on motorcycle injuries in Bali. As the accident data were 
obtained from the local police accident reports, the anal-
ysis will be limited only to these secondary data. How-
ever, due to limitations on collecting accident data, only 
two continuing arterial roads, i.e. bypass Ida Bagus Man-
tra and bypass Ngurah Rai were chosen as the case study 
area. These roads connect Denpasar and the southern and 
eastern areas of Bali. 
 
2. LITERATURE REVIEW  
2.1 Previous studies
There have been many related studies linking road 
accidents and the risk of injuries5,6. These studies anal-
ysed accident data using ordered multiple choices models 
including ordered logit and ordered probit models. It has 
been found that slight increases in the probabilities of se-
rious injury and death were inﬂuenced by several factors 
including the increase of  victim age and vehicle speed. 
Other factors inﬂuenced different types of injury includ-
ing seating position, blood alcohol level, vehicle type, 
vehicle make and type of collision5. In addition, pickups 
and sport utility vehicles were less safe than passenger 
cars under single vehicle accident conditions. However, 
in two-vehicle collision, these types of vehicles were as-
sociated with less severe injuries for the drivers and more 
severe injuries for occupants6. 
In relation to gender, a study investigated the differ-
ences in injury severity between male and female drivers 
in single and two-vehicle accidents involving passenger 
cars, pickups, sport-utility vehicles (SUVs), and minivans7. 
This study found signiﬁcant variables that have opposite 
effects for gender, such as striking a barrier or a guard-
rail, and crashing while starting a vehicle. The study re-
sults also suggested that more exploration is required on 
behavioural and psychological differences between male 
and female drivers and in vehicle and roadway design. 
Meanwhile, another study investigated factors in-
ﬂuencing severity of injury on older drivers in ﬁxed ob-
ject–passenger car crashes8. The study identiﬁed several 
factors contributing to injury severity for older drivers in-
cluding travel speed, restraint device usage, point of im-
pact, use of alcohol and drugs, personal condition, gender, 
whether the driver was at fault, urban/rural location and 
grade/curve existence at the crash location. 
A study carried out in Saudi Arabia investigating 
the inﬂuence of accident factors on fatal and non-fatal 
accidents3 included accident location, accident type, col-
lision type, accident time, accident cause, driver age at 
fault, vehicle type, nationality and license status. The 
study ﬁndings showed that accident location and cause 
were signiﬁcantly associated with accident severity. 
Few studies, however, have investigated motorcycle 
injuries in developing countries. A study, was conducted 
on motorcycle injury and vehicle damage severity in Sin-
gapore9. The study found that factors that lead to such 
increases in the probability of severe injuries included 
non-Singaporean motorcyclists, increased engine capac-
ity, headlight not turned on during daytime, collisions 
with pedestrians and stationary objects, driving during 
early morning hours, having a pillion passenger, and mo-
torcyclist was at fault for the accident. Factors leading to 
an increase of probability of vehicle damage included 
some similar and different factors, such as less damage 
associated with pedestrian collisions and with female 
drivers. It was also found that both injury severity and ve-
hicle damage severity levels were decreasing over time. 
In fact, there are many differences between motor-
cyclists in developing and developed countries. For in-
stance, pillion passengers are very rare in western countries. 
Furthermore, motorcycles in developing countries are 
more used to commuting or utilitarian trips as opposed to 
recreational trips9.
Other related studies, however, were more con-
cerned with helmet use and motorcycle accidents/inju-
ries10-12. Those studies used an ordered multiple choice 
model to do the analyses. The ordered multiple choice 
models have also been conducted in the study to carry out 
the statistical analyses for the motorcycle injuries. The 
results, however, indicated no ordinal nature in catego-
ries. In this study, therefore, a Multinomial Logit model 
was employed with the assumption that the categorical 
outcomes have no ordinal nature. 
2.2 Multinomial logit model 
The objective of the Multinomial Logit (MNL) 
model is to estimate a function that determines outcome 
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probabilities. This study uses an MNL model to estimate 
the signiﬁcance of accident factors considered to inﬂu-
ence motorcycle injuries including fatal, serious or slight 
injuries on two arterial roads in Bali. The probability of a 
motorcycle injury was restricted to lie between zero and 
one. The MNL model can be expressed as follows13:
exp( 'j Xi)
exp( 'j X)i
J

j0
Pr (Yi=j) =  (1)
Note:
j : the number of injuries 
j=0 : the reference category
β'j : a vector of the estimated parameters
Xi : a vector of the predictor variables
Pr(Yi = j) : the probability of either fatal, serious or slight 
motorcycle injuries with j as the reference 
category
Having rearranged (1) above, the logit equation above 
would be as follows:
e (b0+b1x1+…+bnxn)
1+e (b0+b1x1+…+bnxn)
Pi =  (2)
In order to estimate the coefﬁcients, the equation used is:
Ln(   Pi     ) = b0+b1x1+……+bnxn 1 – Pi  (3)
Where:
- 
Pi
 
1 – Pi
 = the odds ratio,
- ebn in (2) is the multiplicative factor in which a change 
in one unit of X would change the odds ratio.
The equation above expressed the logit (log odds) 
as a linear function of the independent factors (Xs). 
Therefore, equation (3) allows for the interpretation of 
the logit weights for variables in the same way as in linier 
regressions.
In this study, the dependent variable is motorcycle 
injuries (fatal, serious or slight) with slight injury as the 
reference category. Estimated coefﬁcients measure the 
estimated change in the logit for a one-unit change in the 
predictor variable while the other predictor variables are 
held constant. A positive estimated coefﬁcient indicates 
an increase in the likelihood that a injury will occur with-
in fatal or seriously injured, and vice versa. 
Meanwhile, a change in the predictor will signiﬁ-
cantly change the logit at the acceptance level is measured 
by the p-value. This includes whether a change in the pre-
dictor variable will signiﬁcantly affect the response cate-
gory compared to the reference category. There is less 
evidence that a change in the predictor affects the re-
sponse category from reference category when the p-val-
ue is greater than the accepted conﬁdence level.
3. CASE STUDY AREA AND  
DATA DESCRIPTION
3.1 Case study area
The Province of Bali has an area of 5,634.40 km2 
and a population of about 3.4 million. The capital city 
Denpasar is located in southern Bali. The island is widely 
known as a tourist destination. The most of popular tour-
ist destinations are located in the southern areas includ-
ing Kuta, Sanur, Nusa Dua. Therefore, these areas are the 
most densely populated compared with any other parts of 
Bali.  
At present, the total arterial road length in Bali is 
228 km. The case study area, however, consists of two 
arterial roads which are the Bypass Ida Bagus Mantra 
shown as the solid line and Bypass Ngurah Rai shown as 
the dotted line in Figure 1. Bypass Ida Bagus Mantra has 
operated since 2003 stretching about 23km connecting 
Kusamba (in eastern Bali) and Tohpati. Bypass Ngurah 
Rai connects Tohpati and Nusa Dua stretching about 30km 
which has operated since 1981. Bypass I Gusti Ngurah 
Rai is a dual carriageway which has a median, while by-
pass Ida Bagus Mantra is a single carriageway which has 
no median. The continuing arterial roads (showed in solid 
and dotted lines) are shown in Figure 1.
3.2 Data description 
Comparison between road accidents and motorcy-
cle accidents during period 2004-2007 along the two ar-
terial roads are presented in Figure 2. It shows that the 
number of accidents increased by more than two fold 
from 2005 to 2006. This situation might be prompted 
with the rise of fuel price in Indonesia in 2005 which in 
turn led to an increase in motorcycle ownership. From the 
ﬁgure, it is also shown that motorcycle accidents ac-
counted for almost 85% of total accidents on these roads. 
This number is similar to the percentage of total motor-
cycle accidents on total accidents in Bali1.
Figure 3 shows the number of motorists by age 
group at fault and number of motorcycle injuries during 
the period 2004-2007 on the two arterial roads in Bali. 
The ﬁgure shows that of 57% of motorcycle fatal and se-
rious injuries were caused by motorists aged between 26 
and 50 years old, 38% and 5% by motorists under 26 
years old and more than 50 years old respectively. This 
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age division follows a study of young and older drivers 
accidents4 in which drivers under 26 years were consid-
ered as young drivers.
Figure 4 shows the gender of motorists at fault and 
the number of motorcycle injuries during the period 
2004-2007 on the two arterial roads in Bali. It can be seen 
that 87% of male motorists and 13% of female motorists 
contributed to motorcycle fatalies and serious injuries. 
4. MODEL DEVELOPMENT
Based on previous studies 3-6, age and gender have 
long been considered important in accident risk asses-
ment. With reference to Figure 3, young motorists (aged 
less than 26 years old) have a smaller percentage than 
Fig. 1 Case study area - bypass Ida Bagus Mantra and bypass Ngurah Rai - Bali
Bypass Ida Bagus Mantra
(Kusamba-Tohpati)
Bypass Ngurah Rai
(Tohpati – Nusa Dua)
Fig. 2 All vehicles and motorcycle accidents on bypass 
Ida Bagus Mantra and bypass Ngurah Rai-Bali 
Source: State Police of Bali Province (2008)
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Fig. 3 Age of motorists at fault and number of injuries 
on bypass Ida Bagus Mantra and bypass Ngurah 
Rai-Bali
Source: State Police of Bali Province (2008)
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those aged between 26 and 50 years old in contributing to 
motorcycle fatalies and serious injuries. Since accident 
risk, however, is generally found on young motorists/mo-
torcyclists3,4, it is reasonable to focus the study analysis 
on this age classiﬁcation. Meanwhile, Figure 4 shows 
that male motorists have a much larger percentage than 
females in contributing to motorcycle fatalies and serious 
injuries. As the results, in this study, two separate models 
are developed including young and male motorists/mo-
torcyclists. 
Age has been indicated to relate nonlinearly, in the 
form of a quadratic expression, with the response vari-
able3. Therefore, age and squared-age of motorist/motor-
cyclist at fault were considered as predictor variables for 
male motorist/motorcyclist model, while gender of the 
driver/motorcyclist at fault were predictor variables for 
the young motorist/motorcyclist model. 
As shown in Table 1, response variable is variable 
no. 1, namely injuries, which is nominal in nature. Some 
of the predictor variables in this study (variable type no. 
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Fig. 4 Gender of motorists at fault and number of 
injuries on bypass Ida Bagus Mantra and 
bypass Ngurah Rai-Bali
Source: State Police of Bali Province (2008) 
Table 1  Study variables
No. Variable Type Description Variable Title
1. Injuries 0 = Slight injury
1 = Serious injury
2 = Fatal injury
Injuries
2. Accident type 1 = with ﬁxed object, 0 = otherwise
1 = overturned, 0 = otherwise
1 = with vehicles, 0 = otherwise
Atyp1
Atyp2
Atyp3
3. Collision type 1 = Out of control, 0 = otherwise
1 = Right angle, 0 = otherwise
1 = Side swipe, 0 = otherwise
1 = Rear end, 0 = otherwise
1 = Head on, 0 = otherwise
Ctyp0
Ctyp1
Ctyp2
Ctyp3
Ctyp4
4. Vehicle type (at fault) 1 = Heavy vehicle, 0 = otherwise
1 = Light vehicle, 0 = otherwise
1 = motorcycle, 0 = otherwise
Veh0
Veh1
Veh2
5. Accident cause 1 = Other, 0 = otherwise
1 = Speeding, 0 = otherwise
1 = Run red light, 0 = otherwise
1 = Follow too close, 0 = otherwise
1 = Wrong way, 0 = otherwise
1 = Failed to yield, 0 = otherwise
Caus0
Caus1
Caus2
Caus3
Caus4
Caus5
6. Accident location 1 = Link
0 = Junction
Loc
7. Time of accident 1 = Day time
0 = Night time
Time
8. Gender of motorist/motorcyclist at fault 1 = Male
0 = Female
Gender
9. Age of motorist/motorcyclists at fault Year Age
10. Squared age of driver/motorcyclist at fault Year AgeSqr
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2 through no.7) followed those from a relevant previous 
study3. All independent variables are categorical, but age 
and squared age are continuous variables. In order to rep-
resent categorical variables, dummy variables are created 
following the coding system in SPSS software used in 
this study. Study variables and their coding are shown in 
Table 1.  
Looking at the data proportion shown in Table 2, 
some predictor variables can be neglected because of 
their small proportion. The hypothesis testing technique 
for proportions was used in this study to decide whether 
a classiﬁcation could be reduced. The following typical 
test was used: H0:pi = 0 and Ha:pi ≠ 0, in which, pi is the 
proportion of a variable classiﬁcation. 
As the results, for Model 1 (young motorists), there 
were ﬁve variables excluded from the model develop-
ment stage including accident type: with ﬁxed object and 
overturned, collision type-side swipe, accident because 
of running a red light, and heavy vehicle at fault. For 
Model 2 (male motorists), four variables were excluded 
including accident type-with a ﬁxed object, accident be-
cause of speeding and running a red light, and heavy ve-
hicle at fault.
The backward elimination process of multinomial 
logistic regression was followed using SPSS version 15. 
All of the reduced variables were selected using Likeli-
hood Ratio (LR) Chi-Square test calculated by -2*(L(null 
model)-L(ﬁtted model)). Each removed variable that gave 
the value of LR test more or equal to the value LR test 
when all variables included were eliminated from the 
model. As the results, eleven and twelve variables were 
excluded from Models 1 and 2 respectively as shown in 
Table 3.
Theoritically, in the logit models, the higher pseudo 
R2 (goodness of ﬁt), the better the model13. However, this 
is not always the case. It is usual practice to ignore such 
measures because there is no general accepted measure 
for these types of models. These have empirical and theo-
ritical upper limits which are sometimes substantially 
less than one5. Instead, measures to determine the model 
accuracy are presented below.
For Model 1 (young motorists/motorcyclists-aged 
under 26 years old), the presence of the relationship be-
tween the dependent variable and combination of inde-
pendent variables are based on the statistical signiﬁcance 
of the ﬁnal model chi-square based on Table 4-a. In this 
analysis, the probability of the model chi-square (25.445) 
was 0.000, less than or equal to the level of signiﬁcance 
of 0.05. The null hypothesis that there is no difference 
between the model without independent variables and the 
model with independent variables is rejected. Therefore, 
the existence of a relationship between the independent 
variables and the dependent variable is supported. 
The classiﬁcation accuracy rate typically should be 
25% or more, higher than the proportional by chance ac-
curacy rate. The proportional by chance accuracy rate of 
the model is computed by summing 0.329² + 0.359² + 
0.311² which is equal to 0.334 (33%). The overall clas-
siﬁcation accuracy rate is 48.5% which is greater than the 
proportional by chance accuracy criteria of 42% (1.25 × 
33%). Therefore, the overall criteria of classiﬁcation ac-
curacy shown in Table 4-a are satisﬁed.
Similarly to Model 2 (male motorists), the existence 
of a relationship between the independent variables and 
the dependent variable is supported as shown in Table 
4-b. The probability of the model chi-square (53.179) 
was 0.000, less than or equal to the level of signiﬁcance 
of 0.05. In addition, the overall classiﬁcation accuracy 
rate is 49.9% which is greater than the proportional by 
chance accuracy criteria of 43%. Therefore, the overall 
criteria of classiﬁcation accuracy are satisﬁed.
5. RESULTS AND DISCUSSION  
The discussion is focused on 90% or 95% signiﬁ-
cance of motorcycle injuries based on the model results 
as shown in Tables 5.a and 5.b. Both tables show that 
multicollinearity in the multinomial logistic regressions 
solution are not present. This is distinguished by examin-
ing the standard errors for the β coefﬁcients in which 
none of them is larger than 2.013. 
Table 5-a show that young motorists accident fac-
tors contributed to motorcycle injuries. These accident 
factors included male motorists/motorcyclist (gender = 
1), right angle (Ctyp_1) and head on (Ctyp_4) accidents. 
It shows that the value of Exp(β) for right-angle (side-
impact) accidents on serious injury group model was 3.1. 
It implies that for right-angle relative to non right-angle 
accidents, the risk ratio between serious and slight inju-
ries would be expected to increase by a factor of 3.1, 
while right-angle accidents were 68.1% less likely to in-
ﬂuence fatal injury than slight injury where the other 
variables in the model are held constant. In other words, 
for young motorists, right angle accidents had a high risk 
for serious injury. 
Table 5-a also shows that young male motorists/
motorcyclists increased the risk ratio between serious 
and slight injuries by a factor of 4. Another study6 have 
also found the same result which suggests that young 
male motorists involved in accidents are driving or riding 
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Table 3  Variables elimination
Model 1- Age of motorists under 26 years old Model 2 - Male motorists
Model Action Effect(s)
Model Fitting Criteria Model Fitting Criteria
-2 Log Likelihood Model Action Effect(s) -2 Log Likelihood
0 Entered <all>(b) 175.993 0 Entered <all>(b) 554.994
1 Removed Veh_1 176.246 1 Removed Ctyp_4 554.994
2 Removed Location 176.936 2 Removed Cause_3 555.173
3 Removed Time 177.733 3 Removed Time 555.431
4 Removed Ctyp_3 178.974 4 Removed Ctyp_1 556.025
5 Removed Caus_3 180.391 5 Removed Agesqr 556.734
6 Removed Cause_0 181.537 6 Removed Age 556.893
7 Removed Caus_5 182.465 7 Removed Veh_1 558.096
8 Removed Ctyp_0 183.882 8 Removed Ctyp_0 559.611
9 Removed Veh_2 188.191 9 Removed Cause_0 561.341
10 Removed Caus_4 191.617 10 Removed Cause_4 563.403
11 Removed Atyp_3 195.774 11 Removed Atyp_2 566.831
12 Removed Ctyp_3 570.930
Note: Veh_1 = Light vehicle Caus_3 = Follow too close Veh_1 = Light vehicle
 Location = Location of accident Caus_0 = Accident due to others Veh_2 = Motorcycle
 Time = Time of accident Cause_5 = Failed to yield Caus_4 = Wrong way
 Ctyp_3 = Rear end collision Ctyp_0 = Out of control  Atyp_3 = With vehicles
 Ctyp_4 = Head on Agesqr = Squared age of motorist Atyp_2 = Overturned
 Ctyp_1 = Right angle Age = Age of motorist   
Table 4-a  Classiﬁcation accuracy (Model 1- Young motorists)
Model Fitting Information
Model Model Fitting Criteria Likelihood Ratio Tests
-2 Log Likelihood Chi-Square df Sig.
Intercept only 221.219
Final 195.774 25.445 6 .000
Data Proportions
N Marginal percentage
Injuries
Slight injury 55 32.9%
Serious injury 60 35.9%
Fatal injury 52 31.1%
Classiﬁcation Accuracy 
Observed Predicted
Slight injury Serious injury Fatal injury Percent correct
Slight injury 9 20 26 16.4%
Serious injury 5 36 19 60.0%
Fatal injury 5 11 36 69.2%
Overall percentage 11.4% 40.1% 48.5% 48.5%
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much more recklessly and aggressively than female mo-
torists. 
Head-on accidents were 56.5% less likely to inﬂu-
ence fatal injury than slight injury. In comparison with a 
previous study, however, the ﬁndings of a study in Aus-
tralia5 suggested that motorists injury severity rise with 
head-on accidents. This is best explained by the absence 
of a median along the road. Of the two arterial roads, by 
pass Ida Bagus Mantra is a single carriageway which cur-
rently has no median. Installing a median, therefore, would 
be expected to reduce head-on accidents.
For the male motorists model as shown in Table 5-
b, the accident factors contributed to male motorists/mo-
torcyclist accidents were road link accidents (Location 
=1), accidents with other vehicles (Atyp_3), sideswipe 
accidents (Ctyp_2), failed to yield (Caus_5), and motor-
cyclist at fault (Veh_2). 
Sideswipe accidents were 53.4% and 55.5% less 
likely to result in serious and fatal injuries respectively 
than slight injury. Meanwhile, motorists/motorcyclists 
who failed to yield were 62% less likely resulting in fatal 
injury than slight injury. A previous study7 has shown 
that those sideswipe accidents and failure to yield were 
two factors that inﬂuenced male motorist injuries. In or-
der to reduce failed to yield related accidents in Bali, in-
troducing an educational campaign about the risk of such 
a violation would be necessary. 
In the second group (fatal injuries), for road link 
Table 4-b  Classiﬁcation accuracy (Model 2 - Male motorists)
Model Fitting Information
Model Model Fitting Criteria Likelihood Ratio Tests
-2 Log Likelihood Chi-Square df Sig.
Intercept only 624.109
Final 570.930 53.179 10 .000
Data Proportions
N Marginal percentage
 
Injuries
Slight injury 115 31.2%
Serious injury 146 39.6%
Fatal injury 108 29.3%
Classiﬁcation Accuracy 
Observed Predicted
Slight injury Serious injury Fatal injury Percent correct
Slight injury 46 50 19 40.0%
Serious injury 30 81 35 55.5%
Fatal injury 17 34 57 52.8%
Overall percentage 25.2% 44.7% 30.1% 49.9%
Table 5-a  Parameter estimation (Model 1 – Motorists aged under 26 years old)
Variables
Serious injury Fatal injury
β Std. errors p-value Exp(β) β Std. errors p-value Exp(β)
Intercept – 1.538*** 0.625 0.014 0.862** 0.504 0.087
Ctyp_1 1.132*** 0.539 0.036 3.102 – 1.141** 0.594 0.055 0.319
Ctyp_4 0.483 0.446 0.279 1.621 – 0.833** 0.464 0.073 0.435
Gender 1.388*** 0.571 0.015 4.007 –0.633 0.496 0.202 0.531
No. of observation = 167 Pseudo R2  (Mc Fadden) = 0.069
The reference category is: Slight injury Pseudo R2  (Nagelkerke) = 0.159
Bold ﬁgures are signiﬁcant as follows: *** Signiﬁcant at 95%, ** Signiﬁcant at 90%.
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accidents, the risk ratio between fatal and slight injury 
would be expected to increase by a factor of 2.7, while 
accidents with other vehicles were 90% less likely result-
ing in fatal injury than slight injury given the other vari-
ables in the model are held constant. This is consistent 
with the ﬁndings of a previous study3 which concluded 
that an accident occurred along a road link would also 
imply a multiple-vehicle accident and the odds of being 
in a fatal accident on a link were 2.64 higher than those at 
a junction. In other words, for male motorists, a road link 
related accidents had a higher risk than a junction related 
accident. In relation to an accident with another vehicle(s) 
can probably be explained by the fact that in typical mixed 
trafﬁc, motorcycles share the roadway together with 
heavy and light vehicles, where motorcycles are the most 
vulnerable. These risk ratios can be used to determine 
strategies to reduce fatal accidents, for example, enforc-
ing a safety riding program for motorcyclists including 
awareness to use the left lane.  
Motorcyclists at fault were 54% less likely to result 
in a fatal injury than slight injury. This is logical because 
motorcycles accounted for about 80% of trafﬁc in Bali. 
Despite being a signiﬁcant contributing factor, motorcy-
clists had a lower risk to inﬂuence fatal injury. This is 
probably because the of small size of the vehicle. 
Apart from those signiﬁcant male motorist accident 
factors, the fatal injury group showed a large constant 
coefﬁcent. This indicated that there will be some other 
factors, for instance road infrastructure or road surface 
condition related factors, that may inﬂuence fatal motor-
cycle injuries. 
In order to estimate the sensitivity of each injury type, 
the log of the odds of serious (SI) and fatal injuries (FI) 
for model 1 are calculated by multiplying the coefﬁcients 
from the table of parameter estimates times the variables:
SI = –1.538 +1.132*Ctyp_1 +0.483*Ctyp_4 +1.388*Gender
 (4), and
FI = 0.862 –1.141*Ctyp_1-0.833*Ctyp_4 –0.633*Gender
 (5)
For model 2 the equations would be:
SI = 0.903 +0.499*Location –0.930*Atyp_3 –0.764*Ctyp_
2 +0.006*Caus_5 –0.105*Veh_2 (6), and
FI =1.993 +0.999*Location-2.367*Atyp_3 –0.798*Ctyp_ 
2 –0.962*Caus_5 –0.780*Veh_2 (7)
The reference category is slight injury (SLI) in 
which the log of the odds would be equal to zero (0). Hav-
ing computed the log of the odds for each category, the 
probability number is calculated with the following for-
mulas:
P(serious injury) = e (SI)
e (SI)+e (FI)+1
 ; 
P(fatal injury) = e (FI)
e (SI)+e (FI)+1
 ; 
P(slight injury)= 1
e (SI)+e (FI)+1
Note: e(SLI) = e(0) = 1.
Suppose there is a 1% change in right-angle acci-
dents involving young motorists/motorcyclists so other 
variables on equations (4) and (5) are being held con-
stant. Using the log odds-probability conversion formula 
above, this will give the probability of each injury for 
model 1 as shown in Table 6-a.  
Table 5-b  Parameter estimation (Model 2 – Male motorists)
Variables
Serious injury Fatal injury
β Standard 
errors
p-value Exp(β) β Standard 
errors
p-value Exp(β)
Intercept 0.902 0.673 0.180 1.993*** 0.682 0.004
Location 0.499 0.336 0.138 1.647 0.999*** 0.436 0.022 2.715
Atyp_3 –0.930 0.620 0.134 0.395 – 2.367*** 0.602 0.000 0.094
Ctyp_2 – 0.764*** 0.367 0.037 0.466 – 0.798** 0.415 0.055 0.450
Caus_5 0.006 0.309 0.984 1.006 – 0.962*** 0.412 0.020 0.382
Veh_2 –0.105 0.278 0.705 0.900 – 0.780*** 0.310 0.012 0.458
No. of observation = 369 Pseudo R2  (Mc Fadden) = 0.066
The reference category is: Slight injury Pseudo R2  (Nagelkerke) = 0.151
Bold ﬁgures are signiﬁcant as follows: *** Signiﬁcant at 95%, ** Signiﬁcant at 90% , * Signiﬁcant at 80%.
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Similarly, the probability of each injury for model 2 
is shown in Table 6-b.
In summary, Tables 6-a and 6-b show that a 1% 
change in the predictor variables would inﬂuence motor-
cycle injuries between 33% and 34% indicating that all 
injury types would have about the same probability to 
occur. The local government therefore should focus on 
road injury reduction by promoting strategies based on 
these eight signiﬁcant accident factors (head on, right 
angle, sideswipe accidents, failed to yield, road link, male 
motorist, motorcyclist and collision with another vehi-
cles). For example, enforcing a safe riding program for 
motorcyclists that includes awareness to use the left lane 
and introduce an educational campaign about the risk of 
such a failure to yield  is a violation. These strategies 
would not just reduce one accident factor but also have an 
impact on others, for instance, reduction in the failure to 
yield violation which in turn may decrease right angle 
(side impact) accidenst.
6. CONCLUSIONS
This study used multinomial logistic regression to 
investigate the inﬂuence of young and male motorists/
motorcyclists on motorcycle injuries. The analyses show 
that for young motorists accident factors, right angle 
accidents and male motorists increased the risk ratio be-
tween serious and slight injuries by factors of approxi-
mately 3 and 4 respectively while head on accidents were 
56.5% less likely to inﬂuence fatal injury than slight in-
jury. For male motorists accident factors, road link acci-
dents increased the ratio between fatal injuries and slight 
injuries of by a factor of about 2.7. In addition, accidents 
due to sideswipe were 53.4% less likely resulting in seri-
ous injuries than slight injuries. Other signiﬁcant vari-
ables were collision with other vehicles, failure to yield, 
and motorcyclist. They were 90%, 62% and 54% respec-
tively less resulting in fatal injuries than slight injuries. 
The sensitivity analyses present that a 1% change in these 
accident factors would inﬂuence motorcycle injuries be-
tween 33% and 34%. 
The local government therefore should focus on 
road injury reduction by promoting strategies based on 
these eight signiﬁcant accidents factors (head on, right 
angle, sideswipe accidents, failed to yield, road link, male 
motorist, motorcyclist and collision with another vehi-
cles). For example, enforcing safety riding program for 
motorcyclists including awareness to use the left lane and 
introducing an educational campaign about the risk of 
such a failure to yield violation. These strategies would 
not only reduce one accident factor but also have an im-
pact to others, for instance, reduction of failure to yield 
violation which in turn may decrease right angle acci-
dent.
Table 6-a  The sensitivity of motorcycle injuries (Model 1)
No.
% Change in injuries  
Slight injury Serious injury Fatal injury
1. Change in 1% Ctyp_1 33.3% 33.7% 33.0%
2. Change in  1% Ctyp_4 33.4% 33.5% 33.1%
3. Change in 1% Gender 33.2% 33.7% 33.0%
Note: Ctyp_1 = Right Angle        Gender = Male (yes =1)       Ctyp_4 = Head On
Table 6-b  The sensitivity of motorcycle injuries (Model 2)
No.
% Change in injuries  
Slight injury Serious injury Fatal injury
1. Change in 1% Location 33.2% 33.3% 33.5%
2. Change in  1% Atyp_3 33.7% 33.4% 32.9%
3. Change in 1% Ctyp_2 33.5% 33.3% 33.2%
4. Change in 1% Caus_5 33.4% 33.4% 33.1%
5. Change in 1% Veh_2 33.4% 33.4% 33.2%
Note: Location = Location of accidents ( Link = 1) Caus_5 = Failed to yield
 Atyp_3 = With vehicles Veh_2 = Motorcycle
 Ctyp_2 = Side swipe
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